
NITROUS OXID-ETHER SEQUENCE METHOD.

This is obtained by several different apparatus (Clo-
ver's, Hewitt's, Bennett's Pedersen's and others), by
which nitrous oxid is given until narcosis is obtained,
then followed by ether vapor and nitrous oxid, then con-
tinued with ether vapor and air. It is necessary for the
gas-ether apparatus to employ the aid of anoxemia by
the use of a rebreathing bag to maintain a narcosis be-
tween the discontinuance of the gas and until the state
of complete etherization is obtained. It is necessary to
discontinue the administration of the gas early because
of the asphyxiation which would follow otherwise.

Advantages.—1. Since narcosis is produced first by
gas, the odor of the ether and distress of the induction
period is abrogated. Thirty seconds is usually sufficient
to produce nitrous oxid narcosis.

2. Surgical ether anesthesia is obtained in from two
and one-half to four minutes.

3. Statistics show that the gas-ether sequence is much
safer than the administration of ether alone. This is
probably due to the elimination of the stage of excite-
ment which is the most dangerous stage of anesthesia.

4. A small amount of ether is necessary to continue
anesthesia because of the rebreathing of this method.

Disadvantages.—1. It requires considerable skill for
its administration.

2. The cyanosis from the gas and the clonic spasms
which sometimes follow is, perhaps, free from danger,
but is frightening to those unaccustomed to its use.

3. The rebreathing is objectionable for reasons stated
before.

4. It is necessary to give a very strong ether vapor
early to prevent a return of consciousness after the
effects of the gas and rebreathing are gone. This sud-
den change to a strong administration of ether vapor
often causes laryngeal spasm.

NITROUS OXID-OXYGEN-ETHER SEQUENCE METHOD.

This is also obtained by means of special apparatus
(Gwathmey's, Cunningham's). No rebreathing is used.
Anesthesia is begun by the administration of nitrous
oxid mixed with oxygen in amounts varying from 5 to
15 per cent., according to the depth of anesthesia, the
type and condition of the patient. As soon as conscious-
ness is lost ether in gradually increasing amounts is
given with the gas and oxygen. When complete ether
narcosis is obtained (three to five minutes) the gas and
oxygen is discontinued and air substituted.

Advantages.
—

1. The nitrous oxid, oxygen-ether
method has the advantages of abrogated induction period
and the quick surgical anesthesia, the same as the
nitrous oxid-ether method.

2. The oxygen mixed with the nitrous oxid prevents
cyanosis, muscular rigidity, clonic spasms and other
symptoms of asphyxiation, without destroying the an-

esthetic properties of nitrous oxid.
3. By mixing oxygen in the proper proportions with

nitrous oxid, complete narcosis can be maintained in-
definitely, and is used sufficiently long to permit com-

plete ether narcosis to be established. Since the nitrous
oxid and oxygen are continued until complete etheriza-
tion, there is then no return of the reflexes when air is
substituted, and consequently no swallowing of the
ether laden secretions. This prevention of swallowing
eliminates a great factor in the production of post-
anesthetic nausea and vomiting.

4. This longer administration of nitrous oxid and

oxygen permits of a gradually increased and dilute ad-
ministration of ether, which tends not to excite a hyper-
secretion of mucus. • Also, the patient is at no time over-
whelmed with ether, as with the gas-ether method.

5. Nitrous oxid-oxygen-ether apparatus provides for
the use of oxygen with the ether, if a condition arise»
which demands it. Oxygen administered with ether
will quickly stop a clonic spasm without decreasing
the amount of ether being used. This can not be done
with air. Oxygen administered with ether gives a better
narcosis and more perfect relaxation. It is often of de-
cided advantage in patients of feeble vitality. The blood
can safely take up much more ether if it is in a condi-
tion of hyperoxygenation.

6. The fact that no deaths have been reported from
the use of this method speaks well for its safety.

Disadvantages.—1. The initial cost of this apparatus
is considerable. Its use is somewhat more expensive
than the gas-ether or closed methods; it is considerably
less, however, than the open method.

2.-The portability of apparatus for this method is
less convenient.

3. Considerable skill is necessary for its use.

CONCLUSIONS.

The drop method is a very popular one. It is prac-
tically safe, while its simplicity makes it the method of
choice for the inexperienced. Its shortcomings of per-
fection have been noted and they are sufficiently im-
portant to demand consideration. Modern anesthesia
has already reached the stage where refinements of
methods are necessary, when skilled anesthetists are
available. That a method possesses no serious obstacles
is not enough. Modern surgeons and anesthetists de-
mand a method of administering ether which overcomes

certain minor and too often neglected objections, which
are of more or less importance regarding the safety and
pleasantness of ether anesthesia.

It may be ventured that hereafter general anesthesia
will not be considered as a whole, but its various
stages dealt with according to their. obviously different
requirements, and that this is to be accomplished by
sequences of various anesthetics administered with an

apparatus which is both accurate and practical, and by
men whose entire time is given to this branch of the
profession.

NITROUS OXID ANESTHESIA.
William D. Haggard, M.D.

NASHVILLE, TENN.

Surgeons commonly agree that nitrous oxid is the
safest general anesthetic known. Bevan estimates the
death rate to be one in fifty thousand. Hewitt was able
to collect records of seventeen deaths only from 1860
to 1900.

Ethyl chlorid has produced already thirty deaths in
Great Britain alone.

Nitrous oxid is used by dentists, who employ it with
great facility for the extraction of teeth. Thomas, of
Philadelphia, has administered it 271,940 times with
only one death, which occurred five hours after the ad-
ministration, and was due to apoplexy. This case is
included in Hewitt's report of seventeen fatalities.

Nitrous oxid has also been employed rather extensively
to induce the anesthesia which is maintained later with
ether. This method contributes greatly to the comfort
of the patient in avoiding the disagreeable sensations of
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"going under" ether. The Bennett gas-ether inhaler
popularized the method, but the plan has not yet come
into general use in America. It requires from one to
four minutes only for complete anesthesia.

Nitrous oxid is undoubtedly a pleasant, safe and
simple anesthetic for use in short minor operations, and
were it not for the necessary apparatus it would enjoy
a larger field of usefulness among surgeons. Aside from
its use in very minor operations, such as slitting up
sinuses, removing sutures, opening felons, abscesses and
the like, Bevan has recommended that it be employed
in short major operations.

Nitrous oxid is prepared commercially in a liquid
state under high pressure in steel cylinders. When lib-
erated for administration it is converted into a gaseous
form. Each cylinder contains one hundred gallons of
the gas, which should be kept in a cool place, because a

high temperature causes it to explode. It can be ob-
tained in two hundred and fifty and five hundred gallon
cylinders also.

Nitrous oxid was discovered by Priestly in 1772, and
its anesthetic properties were first satisfactorily demon-
strated by Horace Wells in 1844. In 1868 Edmund
Andrews, of Chicago, used it in several cases; he mixed
it with air and obtained a longer and more satisfactory
form of anesthesia than by nitrous oxid alone.1

The anesthesia obtained is not dependent on asphyxia ;
the gas possesses true and intrinsic anesthetic properties.
It is irrespirable beyond a certain point. The surgeon
who uses it should wait for stertorous breathing, but
stop the administration of the gas when asphyxia ap-
pears. Anesthesia is induced in from 50 to 120 seconds,
when, unless air is administered, symptoms of asphyxia
appear.

The signs of nitrous oxid anesthesia are:
1. Quick, deep and stertorous respiration, slightly ir-

regular.
2. Increased pulse rate.
3. Dilatation of the pupil.
4. Absence of eye reflexes.
5. Fixed eye balls.
The symptoms due to asphyxia are :
1. Cyanosis in varying degrees.
2. Jactitation (from anoxemia).
3. Clonic movements of the extremities.
If but little gas is administered these signs will be

less prompt, and a stage of excitement will be marked by
rapid movements of the limbs, and a mild talking de-
lirium will supervene, from which circumstance the
name of "laughing gas" was applied to the anesthetic.
When proportionately too much gas is given, respira-
tion is irregular, quick, and stertorous, the eyeballs are
turned upward, with the lids widely open, and the
pupils dilated. Cyanosis is then extreme, the  pulse
thready and rapid. Continuation of this condition, with
exclusion of air, causes respiratory failure from muscular
spasm, although the heart continues to beat. If the
patient stops breathing, a gag should be inserted in his
mouth, the tongue drawn forward, and artificial respira-
tion should be done.

Recovery ensues usually in from twenty to sixty sec-

onds after the discontinuance of administration of the
gas, and the patient at once becomes conscious. There
may be a slight headache and dizziness for a short time,
but there is little or no postanesthetic nausea or vomit-
ing. The actual period of anesthesia with a single ad-

1. Brit. Jour. Dent. Sc., 1869, p. 22.

ministration of the gas lasts on an average for thirty
seconds only. If, however, air or oxygen be mixed with
the gas, or be given alternately with it, the anesthesia
can be prolonged indefinitely. The asphyxiai discolora-
tion, jerking, and noisy respiration may be prevented
almost entirely by the careful employment of this
measure.

Claude Lyons gave nitrous oxid mixed with 15 per
cent, of oxygen to a dog for three consecutive days.
Fifteen minutes after the discontinuation of the an-

esthesia the animal began to move, was able to stand
and walk, obeyed commands after thirty-five minutes,
and on the next day was well and hungry. Hewitt
found that in sixty consecutive administrations of
nitrous oxid the average number of respirations required
to produce anesthesia was 29.10. The lowest number
was six, and the highest seventy-two.

The time required to produce complete anesthesia is
on an average about fifty-six seconds. This is a much
lighter anesthesia than chloroform or ether anesthesia,
and the patients are not so tranquil or so obliviously un-
conscious. The advent of stertor, and the slight clonic
muscular twitching indicate the beginning of complete
anesthesia. The surgeon may begin to operate when
stertor occurs. If he begins sooner and while the patient
is in an imperfect state of unconsciousness, there may
be a great deal of spasm and jerking. The operationshould be discontinued if there is marked weakness of
the pulse or respiration, or if there be vomiting.

The statement is made that no case of primary failure
of the circulation has been observed with the use of
nitrous oxid, but in every recorded case of nitrous
oxid death there has been marked disturbance of respira-
tion.

The feasibility and efficacy of nitrous oxid anesthesia
carried on for some time is of great interest to the sur-

geon. Kelly2 has removed the appendix several times
"under gas," and reports one case of chronic nephritis,
with albumin, of thirty years duration, for which he
operated with the use of nitrous oxid. The operation
lasted one hour and six minutes with complete uncon-

sciousness of the patient. The issue was successful, and
there was no untoward effect, except that the patient
slept almost continuously for the first week subse-
quently.

There have been no deaths reported from the admin-
istration of nitrous oxid and oxygen. In favorable
subjects normal sleep is closely imitated.

There are many forms of apparatus by which nitrous
oxid can be administrated with air or oxygen. Bennett's
gas inhaler, Hewitt's apparatus, Herbert Paterson's in
England, and those manufactured by Clark, of Chicago,
and by the S. S. White Dental Company, are the ones

usually employed. Directions for the employment of
each accompany the apparatus. It is best to administer
the gas and air at first concurrently, rather than alter-
nately. Hewitt states that 14 to 18 per cent, of air is
the most suitable mixture for men, and 18 to 22 per
cent, of air for women and children. With over 30 per
cent, of air anesthesia can not be produced. As a matter
of actual experience, the question is simply one of keep-
ing the patient sufficiently anesthetized with enough air
to prevent asphyxia. A moderately snoring, regular
respiration, with slight duskiness of the countenance
must be maintained. The air can be .administered with

2. Diseases of the Vermiform Appendix, p. 517.
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the gas or one may change to pure gas as occasion de-
mands.

The occasional endeavor has been made in this country
during the last third of a century to use nitrous oxid
in surgical operations, but the profession have not got-
ten further than to employ it in short operations re-

quiring from one to ten minutes, for those cases in
which ether or chloroform are contraindicated. Bevan3
urged its employment on account of its greater
safety, absence from unpleasant symptoms, the little or
no resulting nausea, and for its rapidity of action. He
claims that it is the anesthetic of choice for the reduc-
tion of fractures and dislocations; for the opening of
felons; for breaking up adhesions in joints; for draining
empyemas and lung abscesses; for exploratory laparo-
tomies and gall bladder work; for nephrotomy, nephrec-
tomy, and nephrolithotomy ; for bladder work such as

suprapubic cystotomy for stone, and suprapubic prosta-
tectomy; for draining appendiceal abscesses; for
colostomy, gastrostomy, and enterostomy ; for the repair
of typhoid perforations and for gastric and duodenal
ulcers; in hernia operations, especially for the relief of
strangulated hernia, for varicocele, and open operations
for hydrocele; in castrations; in amputations, except at
the largest joints; and in removing such growths as

fatty tumors. It was used seventy-seven times at the
Presbyterian Hospital in Chicago from Oct. 1, 1907,
to May 1, 1908, as against 214 ether administra-
tions. He says further that it can not well be
employed in operations on the perineum, such as for
hemorrhoids, because when so anesthetized the patient
has a tendency to straighten out his limbs. When there
is complete muscular relaxation, the surgeon must view
calmly the livid color of the patient's face, the dark
blood in the wound, and the occasional talking and
moving of the patient.

Nitrous oxid can be employed in operations lasting
for from thirty minutes to an hour, and has been admin-
istered for as long as two hours.

•

It can be employed
with advantage in about one-third of all our surgical
work. It should be given with the patient in the posi-
tion requisite for the operation, i.e., Sims, lithotomy,
etc., after the field of operation has been prepared and
everything has been made ready for the incision. If
the patient has a heavy beard, the oval under the face-
piece of the inhaler should be covered with several layers
of moist gauze, that the mask may fit closely enough to
exclude air at that point.

The advantages of nitrous oxid as an anesthetic are:
1. Quickness of action.
2. Absence of uncomfortable sensations to the patient.
3. Almost immediate recovery.
4. Absence of lung complications.
5. Absence of danger to the kidneys.
6. Abscess of postanesthetic vomiting.
7. Improbability of subsequent fatty degeneration of

the kidneys, liver and heart. It is to be preferred
especially when there is a disease of those three great
organs, and for the patients who have previously had
unpleasant experiences with the other anesthetics—such
experiences as aggravated postoperative vomiting.

Nitrous oxid should be administered by an expert
anesthetist only.

The disadvantages of nitrous oxid as an anesthetic are:
1. It is not suitable for fat, plethoric and alcoholic

patients.
3. The Journal A. M. A., 1907, xlix, 197.

2. Its zone of anesthesia is within somewhat narrow
limits.

3. Slight lividity and occasional talking occur.
4. We can not always secure the requisite skill for its

successful administration, nor the required quantity of
gas, and the proper apparatus.

5. The cost is not inconsiderable.
From one to two cylinders of one hundred gallons each

are needed for an hour's administration.
Contraindications for its use are:
1. It should not be employed for patients with dilated

hearts or for those with extremely bad hearts, whether
with valvular or myocardial disease.

2. It is not suitable for young children on account of
their fear of the mask, etc.

3. It should not be used in case of narrow or abnormal
air passages, of enlarged lymph nodes, goiters, or en-
larged tonsils and adenoids.

I have employed nitrous oxid with air as an anes-
thetic twenty-six times from May 15 to August 15.
The list of operations comprises minor operations last-
ing from four to fifteen minutes, and in three major
operations: recurrent appendicitis, a 40-pound ovarian
cyst, and a suprapubic cystotomy for stone in a man 80
years of age. The duration of the anesthesia in these
three cases was ten, fourteen and twenty-five minutes,
respectively. The induction is painless and prompt, the
recovery almost synchronous with the withdrawal of the
mask. The patients leave the operating room, conscious,
and in smiling contrast to the narcosis of other general
anesthetics.

CHLOROFORM ANESTHESIA.
William D. Haggard, M.D.

NASHVILLE, TENN.

Since the introduction of chloroform by Sir James
Y. Simpson, in 1864, it has remained one of the
most important anesthetics. Following the historic
death of Hannah Greer, there have been many other
deaths which indicate the danger of this drug. It is
still, however, the anesthetic of choice in Scotland, in
parts of England, and on the continent of Europe. For
general surgical practice, however, the experience of
the last fifty years has shown ether to be much safer,
and it is the routine anesthetic employed by sur-

geons in America. Chloroform, unfortunately, is still
used by many for minor surgical work, because of
its case of administration and its rapid action. Healthy
obstetric patients take choloroform in small quantities
and intermittently with safety, and this fact has be-
gotten an impression that it is safe also in continuous
administration for surgical operations, undertaken for
the cure of pathologic conditions. Unfortunately, the
majority of anesthetics are given by persons who are
not skilled anesthetists. Indeed, Hewitt says that the
risks of general anesthesia are neither in the patient nor
in the anesthetic, but in the anesthetist. This is an

important fact in the problem of anesthesia. Deaths
from chloroform are from simple over-dosage, in the
great majority of instances. Chloroform is so insidious,
it acts so rapidly, and kills so quickly in the very begin-
ning of its administration, that there is little time for
the patient's resuscitation. Ether being slow in its
action and in the production of dangerous symptoms
gives ample opportunity for their recognition and for
efforts at resuscitation.
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